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An Update in Adult Intraosseous Infusion 

Wirot Sombatthavoankun*

Review Article

Abstract

The Intraosseous (IO) needle was developed in 1920s to access the vascular system via the bone 
marrow cavity. Around the 2010s, there was widespread interest in IO after the American Heart Association 
(AHA) recommended that intraosseous access is an optional route when intravenous (IV) access cannot be 
obtained quickly. IO had a higher success rate (99.6%), was faster to perform (15-24 seconds), had a nearly 
equal flow rate (1-5L/hr), and had almost equal drug bioavailability to IV. The complication of IO becoming  
dislodged was 10-16%, needle dislocation was 0.8%, needle bending was 0.4% and parafusion (defined as fluid  
leakage at the insertion site causing tissue edema surrounding the leakage point) was 0.4%. Most retrospective 
trials and meta-analysis studies found that hospital discharge, return of spontaneous circulation (ROSC), 
and favorable neurological outcome was higher with IV than with the IO group. In conclusion, IO is still 
beneficial for immediate vascular access and should be placed after and/or simultaneously to IV insertion.

Objectives: to update content of adult intraosseous infusion in critical situations.
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Introduction
The Intraosseous (IO) needle was developed 

in the 1920s1 to access the vascular system via  
the bone marrow cavity but was decreasingly used 
when an intravenous needle was developed in the 
1950s.2 In the 1980s, intraosseous devices were 
reintroduced in combat or emergency conditions. 

The Food and Drug Administration (FDA) 
approved the use of a manual-driven First Access 
for Shock and Trauma (FAST1™) device in 1997, 
an automatic spring-loaded impact-driven Bone  
Injection Gun (BIG™) in 2000 which was developed  
to NIO™ later, and Semi-automatic battery driven 
EZ-IO™ in 2004.2 Around the 2010s, there was 
wide interest in IO after the American Heart  
Association (AHA) recommended that intraosseous 
access is an optional route when intravenous (IV) 
access cannot be obtained quickly. In 2020, AHA 
recommended that epinephrine should be given as 
soon as possible in non-shockable cardiac arrest and 
that IO is the best possible option to achieve this.

Success rate 
Overall, IO success rate was 99.6%3 with 

a first attempt success rate of 85.9-94.8%,3,4 while 
first attempt success rate of IV is 50-81.6%.4,5 In 
addition, first-attempt success rate was 95% for 
proximal humerus,6 95% for distal femur,6 84-92% 
for proximal tibial2,6 and 72% for sternum using 
FAST1™.7,8 And there was no significant difference 
between EZ-IO™ and NIO™ device.2

Indications
- Failure of venous insertion in 2 attempts 

and/or taking more than 90 seconds.9-11

- Immediate vascular access is required.11

Contraindications
- Site of fracture, burn, infection, or bone 

diseases (e.g. bone tumor, osteoporosis, osteogenesis  
imperfecta).

- Recent orthopedic surgery or previous 
IO site.

- Lower limb in patients with severe  
abdominal trauma10,11

Procedure time
The time to perform IO was around 15-20 

seconds for EZ-IO™,10 17-24 seconds for BIG™/

NIO™,5,10 20-24 seconds for manual needle,5,10 and 
50-67 seconds for FAST1™.8,10

Complications
Minor complications: dislodged IO rate was 

16% for the proximal humerus, 10% for the distal 
femur, and 15% for the proximal tibia.6 Needle 
dislocation was 0.8%, needle bending was 0.4% 
and parafusion was 0.4%.3 Severe complications: 
fat emboli after IO insertion were not different from 
the non-IO group, and only CPR could cause emboli 
in animal studies.12 Bone damage was observed in 
animal studies and found that metaphyseal bone 
was completely resolved at 3 weeks and complete 
epiphyseal closure at 6 months.12

Flow rate
Generally, the flow rate was 5 L/hr in the 

proximal humerus and 1L/hr in the proximal tibia. 6,10 

However, cadaveric and critical human studies 
showed that the gravity flow rate was around 3 L/hr 
in sternal IO (SIO),13 2.4 L/hr in humeral IO  
(HIO),13,14 and 1.8 L/hr in tibial IO (TIO).13,14 Under 
300 mm Hg pressure flow rate was around 3.6-9.6 
L/hr in SIO,13 4.8-6 L/hr in HIO,13,14 and 3-7.2 L/hr 
in TIO.13,14

Pharmacokinetic studies
The systematic review found that in  

non-cardiac arrest animal studies, IO had an equivalent  
bioavailability (area under the curve of plasma  
concentration (AUC)),  maximum plasma  
concentration (Cmax), and time to maximum plasma 
concentration (Tmax) compared to IV administration 
for many drugs such as epinephrine, atropine, 
sodium bicarbonate, dextrose 50%, and calcium 
chloride.12

Mostly hypovolemic cardiac arrest animal 
studies found no statistically significant differences 
between IO groups (SIO,15 HIO,16,17 TIO18) and 
IV groups in Cmax or Tmax, but lower Cmax in IO 
groups and longer Tmax in IO groups,15,16,18 such as 
lower Cmax in the TIO group 56,292 ± 11,504 ng/mL 
compared to 74,258 ± 11,504 ng/mL in the IV 
group (p = 0.291), and longer Tmax in the TIO 
group 120 ± 25 seconds compared to 94 ± 25  
seconds in the IV group (p = 0.475).18

But one normovolemic cardiac arrest study 
found that Cmax in the IV group was equal to both 
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HIO (p = 0.33) and TIO groups (p = 0.060), but 
Cmax in the HIO group was higher than the TIO  
group (p = 0.007). The Tmax in the IV group  
was equal to the HIO group (p = 0.328), but Tmax 
in both IV and HIO groups were shorter than TIO 
group (p < 0.05).17

Location
- Sternum: 1 cm below the sternal notch 

(with FAST1™ only).
- Proximal humerus: The humerus should 

be internally rotated, the elbow flexed to 90 degrees, 
and the hand should be placed on the abdomen. 
Then the needle (length > 45 mm) is inserted 2 cm 
above the surgical neck at 45 degrees pointing to 
the contralateral hip.

- Distal femur: With the leg straightened 
and centered in the anterior plane, 1 cm proximal 
to the patella, and 1 to 2 cm medially.

- Proximal tibia: 1 cm to 2 cm inferomedial 
to the tibial tuberosity in the center of the tibia.

- Distal tibia: 2 cm proximal to the medial 
malleolus in the center of the tibia.11

A retrospective CT/MRI study found that 
the proper insertion depth was 26.0-56.5 mm in 
males and 27.5-52.5 mm in females for the proximal 
humerus, 20.5-42.0 mm in males and 32.5-45.5 mm 
in females for proximal tibia, and 16.5-34.5 mm  
in males and 14.5-30.5 mm in females for distal  
tibia. Females had a thicker soft tissue cover  (+7.8 mm, 
95% CI 3.7-10.1, p < 0.01) in the proximal tibia. 
Although, all 3 sites did not have gender-specific 
differences in the IO insertion depth.19

Technique
- When the needle passes through the cor-

tical bone, loss of resistance is felt, the tip of the 
needle is in bone marrow cavity.

- Confirm the position of the IO needle 
by checking for the stability of the needle in the 
bone, and the ability to flush with saline, without 
extravasation.11

- For conscious patients, 20-40 mg  
(epinephrine-free, preservative-free) lidocaine is 
slowly injected through the IO catheter to relieve 
flush pain. And wait 2 minutes for the lidocaine  
effect before flushing.11,20

- Some studies recommended using an in-
fusion pump or pressure bag for persistent, continu-
ous flow10,20 and stabilizer dressings with restricted 
ambulation to prevent IO dislodement.20

Duration
- US FDA recommended to use IO not 

more than 24 hrs, but could be extended to 48 hrs 
if IV access is not available.11,20

- One stable co-morbidities patients 
study found no serious adverse events up to 30 
days-follow up, after 48 hrs IO insertion in both 
proximal humerus and proximal tibia. Although 
it had a limitation of using normal saline infusion  
only.20

Lab
- Systematic review showed that evidence 

on the agreement between IO and the arterial or  
venous sample was weak due to improper statistical  
analysis (recommended using the Bland-Altman 
method), and small sample size.21

- A small study of 17 CPR patients found 
that IO and IV samples were most comparable for 
sodium bicarbonate, base excess and pH. In addition,  
intraclass correlation coefficients were excellent 
for sodium.22

Clinical outcome
In normo-hypovolemic cardiac arrest  

animal studies found that no statistical difference 
in ROSC for SIO vs IV (p = 0.191),15 HIO vs IV  
(p = 1),16 or HIO vs TIO vs IV (p > 0.05)17 and time 
to ROSC for SIO vs IV (p > 0.05),15 or HIO vs IV  
(p = 0.22).16

In a retrospective study, overall ROSC is 
the same in all 3 IO sites by proximal humerus 
36.3% (95% CI 32.6-40.6), distal femur 30.3% 
(95% CI 27.3-33.4), and proximal tibia 29.2% (95% 
CI 25.5-33.2).6

An APLS trial found that discharge survival 
was significantly higher in recipients of IV amiodarone 
(RR 1.26, 95% CI 1.06-1.50); absolute survival 
difference 5.5% (95% CI 1.5-9.5) and IV lidocaine 
(RR 1.21, 95% CI 1.02-1.45); absolute survival  
difference 4.7% (95% CI 0.7-8.8), but not in  
recipients of IO amiodarone (RR 0.94, 95% CI 0.66-
1.32) or IO lidocaine (RR1.03, 95% CI 0.74-1.44).  
A limitation of this study was the route of administration 
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was not randomized, but drugs were randomized 
(amiodarone: lidocaine: placebo = 1:1:1). This trial 
suggested that both drug outcomes were better in 
the IV group.23

A retrospective study found that IO group 
was not associated with survival to discharge (OR 
0.81, 95% CI 0.55-1.21, p = 0.31), but was as-
sociated with a lower likelihood of ROSC (OR 
0.67, 95% CI 0.50-0.88, p = 0.004) and survival to 
hospital admission (OR 0.68, 95% CI 0.51-0.91, 
p = 0.009).24 Multivariable adjusted OR between 
IO access and outcome were similar to the results 
from the overall cohort when the vascular access 
interval was included in the model for survival to 
discharge (OR 0.87, 95% CI 0.54-1.40, p = 0.56) 
and ROSC (OR 0.69, 95% CI 0.50-0.95, p = 0.02), 
although survival to hospital admission was no 
longer statistically significant (OR 0.72, 95% CI 
0.51-1.01, p = 0.06).24

A secondary analysis of the PRIMED 
study found that intraosseous access was associated 
with poorer out-of-hospital cardiac arrest survival  
compared to IV (OR 0.24, 95% CI 0.12-0.46) 
and lower favorable neurological outcomes than 
IV (1.5% vs 7.6%). Sensitivity analyses revealed  
similar results by using the propensity score to  
adjust the probability of vascular access type.25

Meta-analysis suggested no significant  
association between the favorable neurological  
outcome and types of vascular access (OR 0.60, 
95% CI 0.27-1.33, I2 95%), but had a trend to favor 
IV in short-term survival (OR 0.71, 95% CI 0.59- 
0.85, I2 86.45), and survival to hospital discharge 
(OR 0.66, 95% CI 0.42-1.04, I2 88.75).26

The subgroup analyses found that time 
to intervention might be a significant outcome  
moderator. For example, the favorable neurological 
outcome, if the studies were not adjusted with 
time to intervention, the heterogeneity extensively 
decreased, and IO access was inversely associated 
with favorable neurological outcome (OR 0.22, 95% 
CI 0.17-0.30, I2 0%).26

Another meta-analysis suggested that 
pooled results from four adult observational studies 
favored IV access with very low certainty of  
evidence in favorable neurological outcomes (OR 
0.60, 95% CI 0.52-0.69, I2 89), ROSC (OR 0.72, 
95% CI 0.68-0.76, I2 57) and survival to hospital 
discharge (OR 0.71, 95% CI 0.63-0.79, I2 71).27  

And time to drug administration led to resuscitation 
time bias in observational studies.26,27

Simulation training
In a crossover randomized simulation study,1 

75 novice physicians were trained only one time 
to IO access with BIG™ Pediatric, EZ-IO™,  
NIO™ Pediatric, and Jamshidi needle. After 6 
months without IO application, 68 physicians can 
perform IO correctly with a success rate of 100% for 
NIO™ Pediatric, 97% for EZ-IO™, 90% for BIG™  
Pediatric, and only 43% for manual Jamshidi needle. 
Moreover, 3 mechanical devices had a lower proce-
dure time than the Jamshidi needle (16-29 seconds 
vs 29.5-45 seconds, P < 0.001) and needle bending 
was found to be 57% for jamshidi needle but less 
than 10% with mechanical devices.1 Finally, one 
simulation study suggested that training should be  
done more than 3 times a year but in uncommon 
high-risk scenarios every 6 weeks to ensure high 
performance throughout the year.28

Discussion
In the ideal, IO is equal to IV in pharmaco-

kinetic parameters, therefore IO outcome should be 
equal to IV outcomes if there are the same scenarios, 
especially at similar duration of time to vascular ac-
cess, which is supported by animal studies in normo-
hypovolemic cardiac arrest studies.12,15-18 However, 
in most retrospective24 studies, clinical trials23,25 and 
meta-analysis,26,27 human studies found that hospi-
tal discharge, ROSC, and favorable neurological 
outcome in IV are higher than IO group, but these 
have some limitations. Especially vascular type 
access is not randomly assigned; and this can lead 
to selection bias, such as resuscitation time bias, 
found by meta-analysis of observational studies or 
non-randomized trial.26,27 This bias can lead to the in-
verse outcome or dilutional effect of  IO. Generally, 
longer vascular access leads to prolonged CPR, and 
poorer outcomes that are not followed by effective 
management such as epinephrine administration.29 

Other confounders are the site of  IO and the quality 
of  IO function that cause extensively different flow 
rates in these studies.6,10,13,14 A well-designed pedi-
atric septic shock RCT confirms that IO is superior 
to IV in ROSC (93.3% vs 60%, p = 0.002, power 
back calculation is 83) resulting from rapid vascular 
access in IO group (52.5 vs 90 seconds, p = 0.001) 
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and sensitivity analysis suggests that vascular access 
time had a trend to longer times in deceased group 
compared to the discharged group (patients in the 
death group had longer vascular access time than 
patients that were discharged from hospital) but it 
did not have statistical difference (75 vs 60 seconds, 
p = 0.881).30 The value of IO is rapid vascular  
access, which leads to faster effective treatment (such 
as fluid or medications) resulting in better outcome.

In conclusion, intraosseous access provides 
rapid and reliable access to administer life-saving 
medications during cardiac arrest. However, IO has 
shown poorer neurological outcomes, ROSC and 
the survival outcomes compared to IV. Therefore, 
we suggest to insert IO after and/or simultaneously  
to IV insertion to improve clinical outcomes.

Financial support: no
Conflict	of	interest:	no

References
1. Szarpak L, Ladny JR, Dabrowski M, et al. 

Comparison of 4 Pediatric Intraosseous Access 
Devices: A Randomized Simulation Study. 
Pediatr Emerg Care. 2020;36(10):e568-e572. 
doi:10.1097/PEC.0000000000001587.

2. Demir OF, Aydin K, Akay H, Erbil B, Kar-
cioglu O, Gulalp B. Comparison of two 
intraosseous devices in adult patients in the 
emergency setting: a pilot study. Eur J Emerg 
Med. 2016;23(2):137-142. doi:10.1097/
MEJ.0000000000000187.

3. Helm M, Haunstein B, Schlechtriemen T, 
Ruppert M, Lampl L, Gäßler M. EZ-IO™(®) 
intraosseous device implementation in Ger-
man Helicopter Emergency Medical Service. 
Resuscitation. 2015;88:43-47. doi:10.1016/j.
resuscitation.2014.12.015.

4. Clemency B, Tanaka K, May P, et al. In-
travenous vs. intraosseous access and re-
turn of spontaneous circulation during out 
of hospital cardiac arrest. Am J Emerg 
Med. 2017;35(2):222-226. doi:10.1016/j.
ajem.2016.10.052.

5. Lange P, Umar M, Walker JD, Riddle M, 
Mochmer P. Evaluation of the NIO™ and 
T.A.L.O.N Intraosseous Devices as Placed 
by U.S. Army Conventional Force Combat 
Medics-A Randomized Crossover Study 
[published correction appears in Mil Med. 

2021 Nov 2;186(11-12):e1257]. Mil Med. 
2022;187(7-8):e877-e881. doi:10.1093 
milmed/usab323.

6. Rayas EG, Winckler C, Bolleter S, et al. Distal 
\femur versus humeral or tibial IO, access 
in adult out of hospital cardiac resuscitation. 
Resuscitation. 2022;170:11-16. doi:10.1016/j.
resuscitation.2021.10.041.

7. Frascone RJ, Jensen JP, Kaye K, Salz-
man JG. Consecutive field trials using 
two different intraosseous devices. Pre-
hosp Emerg Care. 2007;11(2):164-171. 
doi:10.1080/10903120701205851.

8. Byars DV, Tsuchitani SN, Erwin E, Anglemyer 
B, Eastman J. Evaluation of success rate and 
access time for an adult sternal intraosseous 
device deployed in the prehospital setting. 
Prehosp Disaster Med. 2011;26(2):127-129. 
doi:10.1017/S1049023X11000057\.

9. Tan BKK, Chin YX, Koh ZX, et al. Clinical 
evaluation of intravenous alone versus intra-
venous or intraosseous access for treatment of 
out-of-hospital cardiac arrest. Resuscitation. 
2021;159:129-136. doi:10.1016/j.resuscita-
tion.2020.11.019.

10. Astasio-Picado Á, Cobos-Moreno P, Gómez-
Martín B, Zabala-Baños MDC, Aranda-Martín 
C. Clinical Management of Intraosseous Access  
in Adults in Critical Situations for Health  
Professionals. Healthcare (Basel). 2022; 
10(2):367. doi:10.3390/healthcare10020367.

11. Dornhofer P, Kellar JZ. Intraosseous Vascular 
Access. In: StatPearls. Treasure Island (FL): 
StatPearls Publishing; June 11, 2022.

12. Elliott A, Dubé PA, Cossette-Côté A, et al. 
Intraosseous administration of antidotes - a 
systematic review. Clin Toxicol (Phila). 
2017;55(10):1025-1054. doi:10.1080/155636
50.2017.1337122.

13. Hammer N, Möbius R, Gries A, Hossfeld B, 
Bechmann I, Bernhard M. Comparison of the 
Fluid Resuscitation Rate with and without 
External Pressure Using Two Intraosseous In-
fusion Systems for Adult Emergencies, the CI-
TRIN (Comparison of InTRaosseous infusion 
systems in emergency medicINe)-Study. PLoS 
One. 2015;10(12):e0143726. doi:10.1371/
journal.pone.0143726.



67Vol. 24 No. 1 (January-April 2024)

14. Ngo AS, Oh JJ, Chen Y, Yong D, Ong ME. 
Intraosseous vascular access in adults using 
the EZ-IO™ in an emergency department.  
Int J Emerg Med .  2009;2(3):155-160. 
doi:10.1007/s12245-009-0116-9.

15. Smith S, Borgkvist B, Kist T, Annelin J, John-
son D, Long R. The effects of sternal intraos-
seous and intravenous administration of amio-
darone in a hypovolemic swine cardiac arrest 
model. Am J Disaster Med. 2016;11(4):271-
277. doi:10.5055/ajdm.2016.0249.

16. Holloway CM, Jurina CS, Orszag CJ, et 
al. Effects of humerus intraosseous versus 
intravenous amiodarone administration in 
a hypovolemic porcine model. Am J Disas-
ter Med. 2016;11(4):261-269. doi:10.5055/
ajdm.2016.0248.

17. Beaumont LD, Baragchizadeh A, Johnson 
C, Johnson D. Effects of tibial and humerus 
intraosseous administration of epinephrine 
in a cardiac arrest swine model. Am J Disas-
ter Med. 2016;11(4):243-251. doi:10.5055/
ajdm.2016.0246.

18. Hampton K, Wang E, Argame JI, Bate-
man T, Craig W, Johnson D. The effects 
of tibial intraosseous versus intravenous 
amiodarone administration in a hypovolemic 
cardiac arrest procine model. Am J Disas-
ter Med. 2016;11(4):253-260. doi:10.5055/
ajdm.2016.0247.

19. Miller C, Nardelli P, Hell T, Glodny B, Putzer 
G, Paal P. Sex differences in appropriate inser-
tion depth for intraosseous access in adults: 
An exploratory radiologic single-center study 
[published online ahead of print, 2022 Aug 
3]. J Vasc Access. 2022;11297298221115412. 
doi:10.1177/11297298221115412.

20. Philbeck TE, Puga TA, Montez DF, Davlantes 
C, DeNoia EP, Miller LJ. Intraosseous vas-
cular access using the EZ-IO™ can be safely 
maintained in the adult proximal humerus and 
proximal tibia for up to 48 h: Report of a clini-
cal study. J Vasc Access. 2022;23(3):339-347. 
doi:10.1177/1129729821992667.

21. Jousi M, Laukkanen-Nevala P, Nurmi J. Analys-
ing blood from intraosseous access: a system-
atic review. Eur J Emerg Med. 2019;26(2):77-
85. doi:10.1097/MEJ.0000000000000569.

22. Tallman CI, Darracq M, Young M. Analysis 
of intraosseous blood samples using an EPOC 
point of care analyzer during resuscitation. 
Am J Emerg Med. 2017;35(3):499-501. 
doi:10.1016/j.ajem.2016.12.005.

23. Daya MR, Leroux BG, Dorian P, et al. Survival 
After Intravenous Versus Intraosseous Amioda-
rone, Lidocaine, or Placebo in Out-of-Hospital 
Shock-Refractory Cardiac Arrest. Circulation. 
2020;141(3):188-198. doi:10.1161/CIRCULA-
TIONAHA.119.042240.

24. Feinstein BA, Stubbs BA, Rea T, Kudenchuk 
PJ. Intraosseous compared to intravenous drug 
resuscitation in out-of-hospital cardiac arrest. 
Resuscitation. 2017;117:91-96. doi:10.1016/j.
resuscitation.2017.06.014.

25. Kawano T, Grunau B, Scheuermeyer FX, et 
al. Intraosseous Vascular Access Is Associated 
With Lower Survival and Neurologic Recovery 
Among Patients With Out-of-Hospital Cardiac 
Arrest. Ann Emerg Med. 2018;71(5):588-596. 
doi:10.1016/j.annemergmed.2017.11.015.

26. Hsieh YL, Wu MC, Wolfshohl J, et al. Intraos-
seous versus intravenous vascular access dur-
ing cardiopulmonary resuscitation for out-of-
hospital cardiac arrest: a systematic review and 
meta-analysis of observational studies. Scand 
J Trauma Resusc Emerg Med. 2021;29(1):44. 
doi:10.1186/s13049-021-00858-6.

27. Granfeldt A, Avis SR, Lind PC, et al. Intravenous 
vs. intraosseous administration of drugs during 
cardiac arrest: A systematic review. Resuscitation. 
2020;149:150-157. doi:10.1016/j.resuscitation. 
2020.02.025.

28. Ghazali DA, Fournier E, Breque C, Ragot 
SP, Oriot D. Immersive simulation training 
at 6-week intervals for 1 year and multidisci-
plinary team performance scores: a randomized  
controlled trial of simulation training for  
life-threatening pediatric emergencies.  
Emergencias. 2019;31(6):391-398.

29. Yauger YJ, Johnson MD, Mark J, et al. Tibial 
Intraosseous Administration of Epinephrine 
Is Effective in Restoring Return of Spontane-
ous Circulation in a Pediatric Normovolemic 
But Not Hypovolemic Cardiac Arrest Model. 
Pediatr Emerg Care. 2022;38(4):e1166-e1172. 
doi:10.1097/PEC.0000000000002127.



68 Asian Medical Journal and Alternative Medicine

30. El-Nawawy AA, Omar OM, Khalil M. In-
traosseous Versus Intravenous Access in 
Pediatric Septic Shock Patients Admitted to 
Alexandria University Pediatric Intensive Care 
Unit. J Trop Pediatr. 2018;64(2):132-140. 
doi:10.1093/tropej/fmx061.


